Introduction

25
The notion that value or utility is strongly influenced by reference points -above all departures 26 from reference points as defined in prospect theory -is accepted by researchers in a variety of 27 disciplines. This has given rise to numerous corollaries, including asymmetrical utility drawn 28 from gains and losses, non-linear probability evaluations, asymmetrical decreasing sensitivity and and WTA. However, the issue of sensitivity to changes in absolute versus relative levels (i.e. con-117 sidering a specific reference-point) for different types of attributes is still poorly understood. 
Which reference point?
127
If we accept the idea that behaviour depends on reference levels, then the predictions generated 128 by models allowing for reference-dependence will depend crucially on what the reference level is 129 assumed to be. Unfortunately, research into which reference points should be employed is much 130 more limited than the research concerning how actors react to shifts from reference-values. While On the following ten screens, you will be presented with a choice between your current commute and two hypothetical alternative commuting options. On each screen, you will be asked to indicate your most preferred (best) and your least preferred (worst) option. There is no right or wrong answer, so please consider the scenarios carefully and decide which option you like and dislike the most. The data were analysed within the random utility framework (McFadden, 1974) which assumes 214 that, in choice task t (with t = 1, . . . , T ), individual n chooses the alternative j that maximises 215 their utility, where the utility for j is given by U j,n,t , which is composed of a deterministic compo-216 nent V j,n,t and a stochastic component ε j,n,t . The deterministic component is given by interactions 217 between measured attributes and estimated sensitivities, where, in our case, the point of departure 218 is a base specification hypothesising linear, reference-free attribute sensitivities, with no differen-219 tial treatment across alternatives. We thus have that:
Each attribute is linear while the information service attribute is effects-coded to represent the 221 availability of a free (I-FR) and charged service (I-CH), compared to the omitted baseline situation 222 where the service is not available (final line in Eq. 1). We will now discuss the various departures from this base specification, looking in turn at 224 non-linearity and asymmetric gains-losses sensitivity. departure was a Box-Cox transformation (Mandel et al., 1994) , where e.g. for travel time, we 230 have:
223
The transformations were used as a 'diagnostic tool' and drawing on the results attributes of the start and end points, i.e. β cr−0 and β cr−10 , meaning that k 1 = 0, and k m+1 = 10. This 244 leaves M −1 additional coefficients, namely k 2 to k m , where, for normalisation, we set β cr−l = 0, 245 for one value of l, with 2 ≤ l ≤ M . The contribution of the crowding attribute to the utility of 246 alternative j can then be written as:
As a result, for the specific break points identified by k 1 to k m+1 , the actual estimates for evaluating the impact of the specific point of departure of a given respondent on overall sensitivity.
259
Defining V j,n,t,f are to be the contribution made by the fare attribute to the utility of alternative j,
260
and using F A ref as the reference point, we would have:
where β f a(inc.ref ) is the coefficient associated with increases compared to the reference point 
265
The parameter γ amounts to an exponential transformation to measure decreasing sensitivity for are subject to uniform decreasing sensitivity, we hypothesise that losses have a much less pro-273 nounced damping than improvements.
274
Finally we look at specifications with two further reference points, namely the current and ideal it can be seen that when using the current value as the reference point, the contribution by the 277 concerned attribute to the base alternative is zero. This is no longer necessarily the case with these 278 additional reference points, as the current value is typically different from declared current and 279 ideal values. Next, f a n delineating the respondent-specific current value for fare and f a giving of λ > 0 means that as the base level increases, respondents become more sensitive to changes.
284
Our prior is instead that λ < 0, indicating that at a higher base-level people will be less sensitive of the data, the panel specification of the sandwich estimator was used (Daly and Hess, 2011) .
304
In line with the objective of accommodating multi-attribute dynamics, each trip characteris-305 tic was tested against the different modelling approaches. The specification search revealed the 306 most appropriate specification to be; piece-wise non-linearity for crowding and reliability and 307 continuous non-linearity for fare. Evidence of reference-dependence was found for fare and the 308 information service. Decreasing sensitivity with asymmetry for gains and losses is relent for fare.
309
Remaining modelling explorations drop back to a linear and symmetrical effect. Notably, this last 310 case applies fully only for travel time. Table 3 . We see negative sensitivity towards 321 increases in crowding, both reliability measures, fare, and travel time. We also note that a free delay information service is preferred to the base situation (i.e. no service), while a charged ser- Table 3 and the models with reference-dependence in Table 4 . 
Referencing information service
340
As a first step (model 2), we focus on the information service attribute, looking at differences in 341 sensitivity depending on whether respondents currently have a free service available or not, where 342 no significant differences were found between respondents with no service and a charged service.
343
By comparing the preferences of the commuters that are currently experiencing a free information 344 service (with the first subscript denoting experiment condition and the second the actual experience 345 e.g. β i−ch,f ree ) to those that either had a charged service or no such service (β i−ch,other ), it is 346 possible to assess the impact of current experience on utility for different service options (free, 347 charged, unavailable).
348
The referencing for the information service obtains an improvement in log-likelihood by 2.67 349 units over the base specification, which, at the cost of 2 additional parameters, is significant at the only three distinct segments. The base is set at a level of two out of ten trains, normalised to zero, 369 with linear interpolation from the level at perfect reliability, i.e. β ra−0 . A further breakpoint is 370 identified at the second highest level (i.e. 9 trains out 10).
371
To represent the implications of the specification these results are illustrated in Figure 2 which 372 compares the implied sensitivities to the estimates from the linear specification. To overcome po-373 tential scale differences between models, WTP and WTA measures are used for the presentation 1 .
374
Thereby values below the baseline are framed as gains (WTP) and those above as losses (WTA).
375
For crowding, the most notable change in slope is the sharp drop when moving from no crowding 376 to a 10% risk of crowding, while, for reliability, the biggest change is the shift from 9/10 and a 377 sure delay. Notably, the linear specification overstates the response to crowding for higher levels 378 while strongly underestimating the lowest level (i.e. no crowding). Indeed, it is this lack of con- may allow for idealised levels of zero occurrence. Instead, the occurrence of delays is externally 389 determined whereas it is more plausible to aspire to avoid bad outcomes.
390
It needs to be noted that the two frequency-based measures of crowding and rate of delays are 391 most appropriate modelled using the interpolated segment approach and do not appear to display 392 any consistent endence. It cannot, a priori be ruled out that the presentation format, using the 
Asymmetrical response to increases and reductions in continuous attributes
400
As a final step, we control for asymmetry and increasing/decreasing marginal returns. Asymmet-401 rical response to gains and losses was only observed for the fare attribute (in addition to the earlier 402 asymmetry for the delay information service).
403
The results of this process are summarised in 
410
This was however beyond the scope of the present work.
411
Starting with model 3, which uses the current fare as the reference point, we observe a LR 412 statistic of 38.36, which, at the cost of 4 additional parameters over model 2, is significant above 
Implications for monetary valuations 480
The results in terms of implied willingness-to-pay (WTP) and willingness-to-accept (WTA) mea-481 sures are reported in see an increase as a result of moving to a non-linear specification for the rate of delays in model 2. charged is valued more negatively than the move from charged to free. In models 3, 4, and 5, these 542 asymmetries are influenced further by the loss aversion in the fare coefficient. In all but three of 543 the models, the charged service is valued more negatively than not having a service, leading to a 544 WTP for moving from charged to no service, or a WTA for moving from no service to a charged 545 service. In models 2, 4 and 5, this situation is reversed for those respondents who currently do 546 not have a service or have a charged service. Overall, we see a strong aversion for respondents 547 with a free service to move to a charged service, where in the reference-dependent models, the 548 associated WTA measure is substantially higher than the corresponding WTP for moving from a 549 charged service to a free service. This shows that offering a free information service with the aim 550 of progressively introducing a charge for it may lead to undesired effects.
530
551
The impact of these asymmetries in the cost evaluation has some interesting consequences for 552 the value of time (VOT) measures. As can be observed in Figure 4 , the VOT evaluation is stable 553 across models 1 and 2. However, the large disparities observed for improvement in the fare levels yield similar utility for all groups but the discontinuation generates highly asymmetrical response.
599
The linearity alongside symmetry in gains and losses of travel time indicates that once a spe-600 cific amount of time is stably allocated for commuting purposes, deviations are perceived the same 601 way for improvements and deteriorations. In a policy context this would lead to assuming that time
602
can be traded against other features of the commute, without incurring a penalty for losses.
603
The contrasting asymmetry and decreasing sensitivity for the daily fare, however, suggests a 604 more complex picture when ratios of time and cost are considered. Indeed, respondents display a 605 pronounced un-willingness to accept increases in travel time in exchange for fare compensation. highly relevant to understand stated reactions.
624
The framework proposed in this paper incorporates a set of issues that require further atten- 
631
The applicability of the findings would benefit from controlling for a wider set of factors such 
